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SUMMARY
In Argentina, bovine leukaemia virus (BLV) infection is common in dairy herds. The country
currently has a National Voluntary Control Programme but relatively few farms have enrolled.
However, there is increased interest from authorities and farmers to implement regional
compulsory programmes but there is scarce quantitative information of the transmission of BLV
in cattle herds. This information is a prerequisite to develop eﬀective BLV control strategies.
Mathematical modelling oﬀers ways of integrating population-level knowledge and
epidemiological data to predict the outcomes of intervention scenarios. The purpose of the
current paper is to gain understanding about the dynamics of the transmission of BLV in dairy
herds from Argentina by simulation and to compare various BLV transmission models and select
the one that is most appropriate. The hypothetical herd is conceptually described in terms of BLV
status as a population of individuals that are protected by maternal antibodies (M), that are
susceptible (S), that are in the latent period (E) or that are infectious (I). BLV is spread by
horizontal and vertical transmission. We used an age-structured population model and within-
herd transmission was simulated by Monte Carlo techniques. The next-generation approach has
been used for the systematic computation of the basic reproduction ratio (R0). Parameter values
for disease transmission were derived from previously published data; rates of entry, exit or
transition between age groups were calculated based on our previous study, observational data,
expert opinions and literature. With these parameter values the probability of a minor outbreak
was estimated to be 10%, the probability of extinction was estimated as<0.001% and the
expected time to extinction as more than 80 years. The probability of a minor outbreak and
changes in prevalence were diﬀerent when the index case was an adult cow compared to
introduction by a heifer. Prediction of prevalences from MSI models ﬁt the data satisfactorily.
R0 was estimated as 9.5. The sensitivity analysis on R0 showed that all measures directed to
reduce the transmission rate are potentially eﬀective given operational control measures.
An important prediction of these models is that, even in a relatively small, closed dairy herd,
the time-scale for a BLV outbreak may be as long as several years and within-herd control of
BLV requires intensive eﬀorts.
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INTRODUCTION
In Argentina, bovine leukaemia virus (BLV) infection
is common in dairy herds. In some areas (and
especially in the Central Milk Region of Santa Fe
Province) the proportion of infected herds is high
(y80%) and the within-herd prevalence ranges
approximately from 40% to 50% [1, 2]. Currently,
Argentina has a National Voluntary Control Pro-
gramme (SENASA, 1994) but relatively few farms
have enrolled. However, there is an increased interest
of authorities and farmers to implement regional
compulsory programmes but there is scarce quanti-
tative information of the transmission of BLV in
cattle herds which is needed to develop eﬀective BLV
control strategies.
The virus can spread by both natural and iatrogenic
vectors that transfer blood (lymphocytes) from
infected to non-infected animals [3]. Vertical trans-
mission of BLV may occur post-natally through milk,
colostrum, and by dam-to-calf contact and some
calves born to BLV-infected dams will already have
been infected in utero [4].
To develop successful interventions and to assign
resources eﬀectively, it is essential to understand the
dynamics of the transmission and to have quantitative
information of factors related to it [5]. Mathematical
modelling oﬀers ways of integrating population level
knowledge and epidemiological data to predict the
outcomes of intervention scenarios. Deterministic
models are commonly used for describing epidemics
and are suitable when population sizes are relatively
large. However, they are less suitable to simulate
epidemics in relatively small populations, like within
dairy herds, because disease transmission is funda-
mentally a stochastic process [6]. For small popu-
lation sizes diﬀerences between individuals and
random eﬀects are important and stochastic models
are needed to describe such situations.
One of the fundamental questions of mathematical
modelling is to ﬁnd threshold conditions that deter-
mine whether or not an infectious disease will spread
in a susceptible population when the disease is
introduced into it. The threshold conditions are
characterized by the so- called reproduction ratio (R0)
[7] a dimensionless parameter which encapsulates the
biological details of diﬀerent transmission mechan-
isms, such that if R0<1, the modelled infection goes
extinct, and if R0>1, the infection may spread in the
population. Due to the stochastic nature of the infec-
tion process there will be some probability that minor
outbreaks will take place and infection will go extinct
by chance. In our previous study [8], using data
obtained from an observational study we estimated
the value of R0 as 8.8.
The purpose of the current paper is to gain an
understanding of the dynamics of BLV transmission
in dairy herds from Argentina by simulation and to
compare various BLV transmission models and select
the one that is most appropriate. Such a model can
serve as a tool to evaluate the eﬀect of several control
strategies on the dynamics of transmission.
MATERIAL AND METHODS
Initial model overview and description of infection
process
The hypothetical herd is conceptually described in
terms of BLV status as a population of individuals
that are protected by maternal antibodies (M), that
are susceptible (S), that are in the latent period (E) or
that are infectious (I). BLV is spread by contact be-
tween infected and susceptible individuals (horizontal
transmission) and by infected dams giving birth to
infected newborn calves (vertical transmission). Both
types of transmission depend on the size of the sus-
ceptible subpopulation and transmission parameter
b. The transmission parameter represents the prob-
ability per unit of time that a contact between an in-
fectious individual with a susceptible one will result in
the infection of the latter. In addition, once an animal
becomes infected it remains infected for life and it will
always be a potential source of infection [9].
Population structure
We used an age-structured population model because
disease can be transmitted either horizontally or
vertically and infected animals remain a source of
infection for the rest of their lives. Therefore, it is
important to account for demographic changes in the
population, for example, the rate of culling and the
frequency of calving. In dairy herds, animals are
usually kept in several age categories to optimize and
facilitate management. Therefore, the population is
heterogeneous and diﬀerent contact patterns could be
associated with diﬀerent age groups.
In a standard management practice, representing a
‘typical ’ farm of the area, the age groups can be
deﬁned as:
Group 1 (calves) : includes all females from birth
until 180 days of life.
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Group 2 (heifers) : includes all females from 181
days until introduction into the adult category
(2 months before the expected date of calving).
Group 3 (adults) : includes all pregnant heifers
within 2 months of calving and all cows (dry,
maternity and lactating).
It is assumed that groups are kept separately and no
mixing occurs between groups while homogeneous
random mixing occurs within groups. It is also as-
sumed that the herd is closed and new animals enter by
birth only, animals leave the herd due to sale or death.
The hypothetical herd consisted only of females
because in dairy enterprises male calves are either sold
after birth or if reared they are moved to another
production unit independent from the females.
Model selection
A scheme of the initial model is presented in Figure 1.
The resulting model (MSEI) was used as reference
and then compared with simpler models (that did
not include some of the assumptions) to evaluate
eﬃciency. Within-herd transmission was simulated
by Monte Carlo techniques and Table 1 describes all
events and their probabilities that were considered.
We choose the smallest time-scale (12 h) (which is
related to transmission of disease) because in our
model we include two biological processes (disease
transmission and demographic changes) that have
very diﬀerent time dynamics. The chance of a simul-
taneous jump of two events (neither related to disease
transmission nor demographic) was suﬃciently low to
be neglected (1r106) and we simulated a total time-
horizon of 30 years.
The ﬁrst step was to evaluate two aspects of the
disease dynamics to decide whether or not they should
be included in the model :
(1) the time-delay induced by the latent period (i.e.
the period from where the animal got infected to
when it became infectious, status E);
(2) the temporal immunity acquired by calves born
from infected cows through passive transfer of
antibodies.
When a virus is introduced in a naive population there
will be few infective animals for a certain period,
hence demographic stochasticity could lead to ex-
tinction of the infective agent. The probability of such
extinction is deﬁned as the probability of a minor
outbreak (Pminor). However, the virus still can go
extinct after a ﬁrst outbreak when a combination of
chance events will drive the agent to fade-out and
this was deﬁned as the probability of extinction.
In stochastic models in which the population of
infected individuals cannot grow unlimited, the
endemic state can only be quasi-stationary, which
means that it could persist for a long time [6]. The
expected time until extinction is an indicator that
denotes over which time-scale the quasi-stationary
state is a reasonable description. For assessing Pminor,
probability of extinction and expected time until
extinction for BLV, we used a Monte Carlo simu-
lation. We examined the eﬀects of the various disease
models (MSEI, MSI, SI, SEI), and herd size (100,
200 and 400 animals) on these indicators by running
1000 iterations and using a time horizon of 80 years.
Validation of the model
The validation of the model was performed by
running the model several times (1000 simulations)
but using demographic parameters and starting con-
ditions of some of the herds that participated in a
longitudinal study [8]. Afterwards, for each herd,
from each serial of runs (n=1000) we obtained a
prevalence prediction with the respective 95% CI,
from prevalence at day 0. Finally, we compared pre-
dicted values with the observed ﬁeld prevalence using
a goodness-of-ﬁt test.
Calculation of reproductive number
R0 is usually deﬁned as the average number of
secondary cases produced by a ‘typical ’ infected
(assumed infectious) individual throughout its infec-
tious period when the disease is ﬁrst introduced
M
S
Calves
Heifers
Cows
E
S E
S E
I
I
I
Fig. 1. A three-age-group model, showing the routes within
compartments. The external bound represents the limits of
the farm. M, Calves with maternal antibodies ; S, suscep-
tibles ; E, animals in latent period ; I, infectious animals.
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into a population consisting solely of susceptible
individuals. This non-dimensional quantity cannot be
computed explicitly in many cases because the math-
ematical description of what is a ‘typical ’ infectious
individual is diﬃcult to quantify in populations with
high degree of heterogeneity [10]. The next-generation
approach [6] can be used for the systematic compu-
tation of R0.
In our study, the host population consists of
various types of individuals (diﬀerent age groups
infected via horizontal or vertical transmission
routes). For the calculation of R0 and for seeking
simplicity, instead of considering all three age groups,
we considered groups 1 and 2 as one group (replace-
ments or young stock).
A key element is that we regard only generations
of infected individuals that at the moment of being
infected are distributed over all the possible age
groups. Then, a linear positive operator that will
supply the next generation of infected animals con-
ditional to the present generation can be built up [11].
This operator (K ) is obtained by multiplication of
transition matrix G (which represents the demo-
graphic dynamics) by infectivity matrix I (which re-
presents the transmission of the disease). K is deﬁned
as kij, to be the expected number of new cases that
have h-state i (host-state i) at the moment they
become infected, caused by one individual that was
itself infected while having h-state j, during the entire
period of infectiousness. In our case it can be re-
presented by:
K=
b2Sa
(w+m2)Na
Salb2
(l+m1)Na( m2+w)
aq
w+m2
alq
l+m1
+
Srb1
( m1+l)Nr
0
BB@
1
CCA,
where Sj=Susceptible ( j=a for adults and j=r for
replacements) ; bi=transmission parameter (i=1 for
adults and i=2 for replacements) ; q=probability of
born infected; a=probability of a parturition result-
ing in a female calf being born alive ; l=replacement-
to-adult transfer rate ; Q=per capita BLV-induced
death rate ; mj=mortality rate (not speciﬁc to BLV)
( j=1 for replacements and j=2 for adults) ; Nj=total
number of animals in a given age group ( j=a for
adults and j=r for replacements) ;R0 is found through
computation of the dominant eigenvalue of the next-
generation matrix at the disease- or infectious-free
equilibrium.
Consequently
R0=12B+
1
2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
B2+4A
p
Table 1. Description of possible events occurring in the MSEI stochastic model
Event Transition Transition rate Probability
Susceptible to Latent (Si, Ei)p(Si – 1, Ei+1) V3 (Si, Ei)=bSiII /(Si+II) bSiII /(Si+II)Dt
Latent to Infectious (Ei, Ii)p(Ei – 1, Ii+1) V4 (Ei, Ii)=eEi eEiDt
Birth of Susceptible calf from
Susceptible dam
(Si, Ii)p(Si+1, Ii) l1 (Si, Ii)=bSi bSIDt
Birth of Susceptible calf from
Infectious dam
(Si, Ii)p(SI+1, Ii) l2 (Si, Ii)=bpIi bpIIDt
Birth of calf protected by
maternal antibodies from
Infectious dam
(Mi, Ii)p(Mi+1, Ii) l2 (Mi, Ii)=bpIi bpIIDt
Birth of Infectious calf from
Infectious dam
(Si, Ii)p(SI, Ii+1) l3 (Si, Ii)=bqIi bqIIDt
Death of S individual not
related to BLV
(Si, Ii)p(SI – 1, Ii) m1 (Si, Ii)=m1Si m1SIDt
Death of I individual not
related to BLV
(Si, Ii)p(SI, II – 1) m2 (Si, Ii)=m2Ii m2IIDt
Death of M individual not
related to BLV
(Mi, Ii)p(Mi – 1, Ii) m3 (Mi, Ii)=m3Mi m3MIDt
Death of I individual related to
BLV
(Si, Ii)p(SI, II – 1) m4 (Si, Ii)=m4Ii m4IIDt
Transfer of M to Susceptible
age group 2
(Mi, Si+1)p(Mi – 1, SI+1 +1) YMS (Mi, SI+1)=TiMi TiMIDt
Transfer of S to other age group (Si, SI+1)p(SI – 1, SI+1 +1) YIS (Si, SI+1)=LiSi LiSIDt
Transfer I to other age group (Ii, II+1)p(II – 1, II+1+1) YII (Ii, II+1)=LiIi LiIIDt
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with
B=
alq
l+m1
+
Srb1
( m1+l)Nr
,
A=
aq
w+m2
Salb2
(l+m1)Na( m2+w)
,
To explore the relative impact of single factors on R0 a
sensitivity analysis was performed by changing values
for single parameters (keeping the rest unchanged)
and assessing the percentage of change in R0. Calcu-
lations were performed using Mathematica1 (Wolf-
ram Research Inc., USA).
Parameter values
Parameter values for disease transmission were
derived from previously published data [8] (Table 2)
and were assumed to be constant over time and equal
for the three age groups. Mortality related to BLV
infection was only considered for the adult age group
because the time needed to develop tumours is longer
than the rearing period from calf to adult [12].
Rates of entry, exit or transition between age
groups were calculated based on our previous study,
observational data, expert opinions and literature
(Table 2). Furthermore, all rates were assumed to be
constant over the observation period. Therefore, the
probability of growing to the next age group depends
on the time spent in the current age group but
independent of the time spent in the previous group.
The problem is in obtaining information on the
probabilities Pj (probability of growing) and Gj
(probability of survival) from information on stage
duration. To do this, we separate the processes of
survival and growth, both of which appear in Pj and
Gj [13] by deﬁning:
sj=survival probability (1 – mortality rate for the
age group) ;
Ti=residence time (average time that an animal
will stay in each age group) ;
n=1 (to represent that age distribution within an
age group is stable) ;
lj=probability of growing from j to j+1 given
survival) and it was estimated as:
lj=
si

 ti
x
si

 tix1
si

 ti
x1
In terms of these parameters [13] :
Pj=sj (1 – lj) ; probability that an individual in age
group j will survive from t to t+1 and staying in
stage j ;
Gj=sjlj ; probability of surviving and growing from
stage j to j+1.
The entry rate of newborns was calculated as oﬀ-
spring per cow per time unit and it was expressed in
terms of female oﬀspring per cow per year. It was
estimated based on the standardized (calving interval/
365) calving rate per year common in the area,
adjusted by the number of stillbirths, calves dead at
birth and newborns that die in the ﬁrst hours after
calving (which is estimated as 7%).
Table 2. Parameter values used in the simulations
Parameter Categories Default values Reference
Related to transmission and disease
Transmission parameter (b) 2.8 [8]
Probability of being born infected (q) 0.05 [4]
Per capita BLV-induced mortality rate (Q) 0.05 [9]
Latent period 7 days [9]
Maternal antibodies protection period 6 months
Related to population demographics
Population size (N) 100, 200, 400
Mortality rate (m) Adults 0.34 Expert opinion
Heifers 0.08
Calves 0.10
Probability of live birth of a female calf (a) 0.39 Expert opinion
Replacement-to-adult transfer rate (l) 0.39
Surviving and growing (from stage j to j+1) rate (Gj) Adults 0.10
Heifers 0.39
Calves 1.85
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For assessing the impact of the diﬀerent parameters
of R0 we performed a sensitivity analysis by doubling
or halving parameters values one by 1.
RESULTS
Default model and parameters settings
First, we evaluated the MSEI model using an average
dairy population (n=200) in which initially one
infectious individual is introduced in the adult group
while the rest of the herd is susceptible. Monte Carlo
simulations showed that Pminor was y10% and the
median time to fade-out for minor outbreaks was
64 days with an inter-quartile range of 58 days.
The highest prevalence reached for a minor outbreak
before going extinct was 3%.
Figure 2a gives the probability distribution of the
prevalence after 1 year, post-introduction and shows
a prevalence peak between 0% and 5%. After the
second year (Fig. 2b) the most frequent prevalence
was around 30% and after 5 years (Fig. 2c) between
85% and 95%. At year 30 (Fig. 2d), the prevalence
distribution indicates that a quasi-stationary distri-
bution has been reached as it did not change signi-
ﬁcantly onwards. Additionally, we extended the
simulation for another 50 years, starting from the
‘quasi-stationary distribution’ and no extinction
occurred. Because for practical applications the re-
sults were clear, simulations were not further ex-
tended for a more precise estimation. If the
probability of extinction had been 1/100, it should
have been found at least once that BLV went extinct
with 95% certainty. Because this did not occur the
probability of extinction is smaller than 0.001%
when starting from the quasi-stationary distribution.
Following the same reasoning, the approximation
of the expected time to extinction is more than
80 years.
Eﬀect of model type, herd size and initially infected
group on Pminor
Table 3 shows the estimations of Pminor and the
extinction times after introduction of BLV for the
various models. When protection by the maternal
antibodies state was included in the model, the prob-
ability of a minor outbreak was somewhat increased
but diﬀerences between models were not statistically
signiﬁcant (P>0.05).
However, when considering the impact of popu-
lation size on the time to extinction after introduction
of BLV, using the MSEI model, the outcomes show
that the Pminor are quite similar but there are some
statistically signiﬁcant diﬀerences between herd sizes
100 and 400 (Table 4).
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Fig. 2. Probability distribution of prevalence after introduction of an infectious individual in a totally susceptible population
of 200 animals after 1, 2, 5 and 30 years.
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Finally, Pminor and time to extinction were
estimated with the introduction of an infectious
individual in the group of heifers. Simulation showed
a Pminor ofy1% that went extinct in 65 days.
Transmission dynamics of major outbreaks
As for the probability ofminor outbreaks, the progress
of larger outbreaks also depends on the group where
the virus is ﬁrst introduced. Figure 3 shows results of
Monte Carlo simulations after an index case is in-
troduced in age group 3 (adults). At the end of the
ﬁrst year most realizations showed prevalences under
20%. As expected (in the model no cross-infection
from adult stock to young stock was assumed) within
young stock the prevalence is very low (it started by
vertical transmission and then some horizontal
transmission may have occurred). After the third
year, the prevalence within the adult group increased
dramatically (most runs were over 65%). Prevalence,
in the replacements group also increased but moder-
ately (<20%). Finally, after 5 years, almost all cows
and a great proportion of heifers were infected.
However, if an index case is introduced in age
group 2 (replacements or heifers) (Fig. 4), the preva-
lence within adults is lower (<15%) and higher in the
replacement group at a 1-year time-scale.
After the third year, the prevalence in the adult
group increased dramatically and appears quite
similar to the distribution in Figure 3. The prevalence
within young stock increased dramatically and it is
higher than in the previous scenario. Finally, after
5 years, in both age groups almost all cattle appear to
be infected. Thus, the overall impact is larger when
the virus is introduced in young stock.
Reproduction ratio R0
The resulting matrix that corresponds to the ‘next-
generation operator ’ can be represented as:
From …
To
Adult Young stock
Adult 9.33 7.43
Young stock
(Groups 1+2)
0.07 5.77
In other words, under the assumptions of this
approach, it was estimated that on a per generation
basis, one infected adult will infect nine other adults
and will produce far less than one infected calf during
its infectious reproductive period. In addition, one
infected young stock will infect about six other
young stock during its rearing period and another 7–8
during its reproductive period. The R0 was estimated
as 9.5.
Table 5 summarizes how R0 changes when we vary
parameter settings used for R0 estimation. From this
table we infer that the most inﬂuential parameters
are : the coeﬃcient of transmission, the removal rate
of adults, the mortality rate due to BLV and to a
lesser extent the replacement rate from heifers to
adults (which reﬂects the age at ﬁrst calving of the
heifers). For the parameter values used and assump-
tions stated, elimination is more diﬃcult to achieve by
the removal of infected cases.
Of the options for within-herd transmission of BLV
considered here, some reduction may be achieved by
the slaughter of calves born to infected cows (vertical
transmission).
Table 3. Probability of minor outbreaks (Pminor) and
median time until extinction for four infection models
[range and interquartile range (IQR) are also
presented ]
Model
Pminor
(%)
Median time
until extinction
(days)*
IQR
(days)
Range
(days)
SI 9.0 66.5 27 29–131
SEI 7.5 50 84.5 13–168
MSI 12.0 89 103.5 2–361
MSEI 9.5 63.5 58 17–334
* Kruskal–Wallis x2 test on extinction times (two-sided)=
0.4779, D.F.=3, P value=0.93.
Table 4. Probability of minor outbreaks (Pminor) and
median time till extinction for four herd sizes using a
MSEI model [range and interquartile range (IQR)
are also presented ]
Herd
size
Pminor
(%)
Median time
until extinction
(days)*
IQR
(days)
Range
(days)
100 8.0# 53 71 5–220
200 11.4 143 179 1–566
400 12.4# 74 411 1–452
800 8.9 48 124 1–786
* Kruskal–Wallis x2 test on extinction times (two-sided)=
9.4049, D.F.=3, P value=0.024.
# x2 test on diﬀerence between proportions (reference row is
based on size 200).
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Model ﬁt
Figure 5 shows several plots of the model predic-
tions with the observed ﬁeld data obtained in
other studies. Most ﬁeld observations are within the
limits of the 95% CI of the predictions, indicating
that simulations mimicked ﬁeld variations reason-
ably well.
DISCUSSION
In this study we assessed, by Monte Carlo simulation,
the transmission model that ﬁts best to the course of
a BLV infection in Argentine dairy farms and esti-
mated the probability and time to extinction of BLV.
Regarding the latter, the eﬀect of herd size and the
age group in which the index case was present were
explored further.
Evaluating the ﬁt of the models showed that both
the MSEI and the MSI model satisfactorily predict
disease transmission as obtained under ﬁeld con-
ditions. Because inclusion of the latent period did not
improve the ﬁt further the MSI model was selected
for evaluation of the impact of control measures
on transmission. Unfortunately, there are no other
modelling studies based on BLV to compare our
results with.
Our results indicate that once an infectious indi-
vidual is present there is a high probability that the
disease persists in the herd. However, if it goes extinct,
then in most cases it will go extinct relatively quickly.
The probability of the disease reaching fade-out after
extensive spreading is very low which can be inter-
preted as not expecting eradication of the disease
without any control measure. Moreover, such a high
probability of persistence implies that great eﬀort
should be placed on prevention of introduction, e.g.
by testing all purchased animals and keeping them
in quarantine until deﬁnite test results are available.
In addition, the high persistence of the infection
after introduction of BLV is not only important for
the single herd but also increases the probability of
between-herd transmission when no proper preventive
measures are taken. Results indicate that introduction
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Fig. 3. Distribution of prevalence for age groups 2 and 3, obtained by Monte Carlo simulations, after 1, 3 and 5 years
following introduction of a BLV infectious animal in the adult age group.
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Table 5. Sensitivity analysis on parameters used to calculate R0
Parameter Variation Value R0 % of change
Coeﬃcient of transmission (b) Default 2.8 9.5
Doubled 5.6 18.8 +97.9
Halved 1.4 4.8 x49.5
Proportion of calves infected from mothers (q) Default 5% 9.5
Doubled 10% 9.6 +1.1
Halved 2.5% 9.4 x0.32
Removal of adult (c) Default 25% 9.5
Doubled 50% 5.9 x37.9
Halved 12.5% 16.1 +69.5
Heifers transition to adult age (l) Default 39% 9.5
Doubled 78% 9.5 x0.4
Halved 18.5% 10.3 +8.4
Maternity function (b) Default 39% 9.5
Doubled 78% 9.6 +1.8
Halved 18.5% 9.4 x1.1
Mortality rate due to BLV (a) Default 5% 9.5
Doubled 10% 8.1 x14.7
Halved 2.5% 10.3 +8.4
Mortality rate not related to BLV (replacements) ( m) Default 10% 9.5
Doubled 20% 9.4 x1.1
Halved 5% 9.5 +0.4
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Fig. 4. Distribution of age-group prevalence, obtained by Monte Carlo simulations, after 1, 3 and 5 years following
introduction of a BLV infectious animal in the heifers’ age group.
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of infection in the heifers group augment – compared
to introduction in adult cows –the chances of
persistence. Although these concepts have not been
evaluated quantitatively before, they have been
qualitatively pointed out in previous studies [14, 15].
Simulations started with one infectious animal but
no particular transmission path that lead to primary
infection were considered, therefore, we can not
assign the physical introduction to an infected animal.
In closed herds, the virus can be introduced by hae-
matophagus insects or by use of blood-contaminated
needles or other instruments [16, 17]. Such a risk
arises from, for example the way the foot-and-mouth-
disease vaccination scheme is implemented or when
practitioners do not take proper care of their instru-
ments or via blood-sucking insects [18].
We estimated R0 as 9.5, and no previous esti-
mations for BLV are available for comparison. Our
estimation is similar to R0 estimations for another
retrovirus infection (HIV) which ranges between 9
and 12 [7].
The sensitivity analysis showed that all measures
directed to reduce the transmission rate are poten-
tially eﬀective given operational control measures.
Previous studies pointed out diﬀerent ways to de-
crease transmission, such as reducing the use of
mechanical vectors contaminated with blood [19–21],
insect control [18] or physical contact between
infected and susceptible individual [22]. In addition,
longevity of adult cattle is desirable for production
goals, but has a negative impact on BLV persistence
as it increases the length of the infectious period. The
natural mortality rate also seems to have an import-
ant inﬂuence on the length of the infectious period.
Our analysis suggests that reduction of vertical
transmission will be relatively ineﬀective since most
cases arise through horizontal transmission, as has
been suggested before [21].
CONCLUSIONS
An important prediction of these models is that, even
in a relatively small, closed dairy herd, the time-scale
for a BLV outbreak may be over 80 years.
One objective of this analysis was to illustrate
aspects of BLV epidemiology and control for bio-
logically plausible sets of assumptions and parameter
values. The detailed results are obviously sensitive to
these assumptions and parameter values. However,
the key conclusions appear to be robust : the
time-scale of BLV outbreaks within an Argentine
dairy herd may be very long and become endemic,
and within-herd control of BLV requires intensive
eﬀorts.
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Fig. 5. Validation of model estimations with ﬁeld data from ﬁve herds.
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